The multiple modeling and control approach is a proper method for modeling and control of nonlinear systems which their dynamics changes rapidly at different operating conditions. The dynamic of the twin rotor helicopter in vertical direction is nonlinear and changes instantaneously with respect to change of the elevation angle, and it can be used for implementation of multiple modeling and control approach. In this paper the performance of multiple modeling and control approach by simulation and implementation has been investigated.
I. INTRODUCTION
Most processes have nonlinear and complex structure and their dynamical behavior changes in two ways. They are nonlinear, i.e. their dynamic behavior changes according to variation of operating conditions or they are time variant, i.e. their dynamical behavior changes over time. In both cases a single linear model for a specific operating point could not be a good description of process in full operating range or at each instant of time. The conventional solution is conservative controller tuning for worst case conditions. However, this approach can result in poor control system performance for more typical conditions. Alternatively, adaptive control strategies are available where the controller parameters and/or control structure are modified online as conditions change (Astrom &Wittenmark, 1995) . A special class of adaptive control strategies referred to as multimodel control ( [2] , [3] .
In order to apply the multiple model controller method, linear model of the plant's dynamical behavior in different operational conditional is required. This can be done in two ways; identification or first principle modeling. A controller is designed according to each of the obtained models. Then, a suitable controller could be selected in every instant of time to control the plant. Although Adaptive controller may also be used in this condition but because of delay in adaptation process to the new situation it has not a suitable performance for modeling and control of processes with rapid changes [4] .In this paper multiple modeling and control approach has been used to control a laboratory helicopter. CE150 laboratory helicopter is designed for the theoretical study and practical investigation of basic and advanced control engineering principles, dynamics modeling, identification, and various controllers design by classical and modern methods. Figure 1 displays this twin rotor helicopter. It consists of a body, carrying two propellers driven by DC motors, and a massive support. The body has two degrees of freedom. Both bodies position angles (elevation and azimuth) are influenced by rotation of propellers. The axes of the body rotation are perpendicular. DC motors are driven by power amplifiers using pulse width modulation. Centre of gravity is changed by moving small weight along the main horizontal axis of helicopter by a servomotor. The helicopter is a multi input multi output (MIMO) dynamical system but its motion can be limited in one direction to make a single input single output (SISO) plant. Generally, processes dynamical behavior may change slowly or instantaneously [5] , [6] . Dynamical behavior of this laboratory helicopter can be changed instantaneously in two ways:
• Moving small weight • Changing Elevation angle
Since the effect of elevation angle variation is more than small weight movement, thus it can be used for changing laboratory helicopter dynamic. The vertical channel of the helicopter is nonlinear and its dynamic change with variation of elevation angle. In this paper the performance of the multiple modeling and control approach by using variation of elevation angle (operating point) has been investigated.
This paper is organized as follows. In section 2 multiple models of the helicopter are obtained in different operating points. In section 3, the multiple controllers are designed using multiple models. In section 4 multiple modeling and control approach has been described. Finally in sections 5 and 6 the multiple modeling and control approach is first simulated and then implemented on the helicopter and compared with different methods.
II. MULTIPLE MODEL OF THE LABORATORY HELICOPTER
In many controller design methods a mathematical model of plant is required in order to explain a dynamical behavior of plant and it can be used to design a controller. There are two well known modeling approaches: Theoretical and Experimental.. The first method is known as the first principle modeling. According to this technique, the model can be obtained by mathematical equations which are based on physical laws. The second one is system identification, according to system identification technique by assuming a plant as a black box and applying some test on the plant and considering a suitable model structure, the parameters of the model can be estimated. In this research, suitable multiple models are obtained for elevation direction of the helicopter based on first principle modeling and their performances are investigated. The plant's dynamic equation is obtained with writing torques equilibrations from figure 2 and combining them with DC motor dynamic equations. Torques equilibrations in vertical plane can be expressed as follow [5] :
A. Laboratory helicopter dynamic modeling
The Dynamical behavior of motor and propellers is:
where m I denotes the moment of inertia around the horizontal axis, 1 θ is the elevation angle, u T is the torque of the propulsion force of the main propeller, Values of the parameters for the laboratory helicopter are shown in Table1. x , the state space description of elevation direction of the laboratory helicopter is obtained as:
In order to obtain the multiple linear models, the nonlinear state equations are liberalized every 10 degrees. Hence suitable linear models for helicopter have been obtained in full range of the helicopter operating space. The linear models approximate the behavior of the non-linear plant near the operating points. Table 2 shows the set of linear models. Models concern with angles above 90 degree are unstable, which is compatible with the actual performance of the helicopter. In practice, by applying a step signal to the helicopter elevation motor, if the amplitude is low the helicopter settle down in an angle below 90 degree. The helicopter moves upward by increasing the amplitude of the input signal. Above 90 degree, it becomes unstable and jump to 140 degree which is the maximum elevation angle.
B. Evaluation obtained model's performance
A method for evaluation of an obtained model performance is to design a controller based on that model and to implement the controller to the real plant. If the system's control loop performance is compatible with control criteria, it means that the obtained model is suitable for that plant. Hence for each model a PID controller has been designed. The design criteria are 0% overshoot and 4 seconds settling time. The result of implementing for 70 and 120 degree is illustrated in figure 3 and 4. As it is depicted from these figures, the step responses have not overshoot and the settling times are less than 4 seconds. This means that the obtained models have acceptable accuracy. Multiple controllers are designed using pole placement by state feedback, observer for estimation of state variables and integrator to remove steady state error and disturbances. A Controller is designed for each model. Since one of the three states (process output) is available, thus for simplicity reduced order observer is used [7] .
The multiple model controller schemes have been shown in figure 5 . This structure has been used because of its suitable control signal, simplicity of its implementation and the possibility of systematically designing controller. Closed loop poles determine the quality of systems output response. Hence, selection of closed loop pole is important to design a controller. To design the controller for each model of the 
IV. SWITCHING BETWEEN CONTROLLER
There is a different structure for model estimation and control. In general there are two methods for multiple modeling [8] :
• IMM or interactive multiple modeling: In this method the final control signal is the weighted combination of all or part of the models. • SMM or switching multiple modeling: In this method the controller relevant to the best model is selected to control the plant in each instant of time.
Figure7: The result of applying controller designed for 90 degree to full operating ranges SMM has been used for multiple modeling of this helicopter. In this method, a new model is selected among the stored multiple models after the plant behavior changes. Then the controller related to the selected model is utilized to control the plant. The multiple modeling method has a better performance than adaptive controller for processes that their dynamic behavior instantaneously changes [6] . Since any changes in laboratory helicopter dynamics can be detected by set point, hence the controller for new situation can be determined by set point and there is no need to compare the process output with the output of all the models in order to pick the best model. This makes the selection faster and more accurate. The pole placement controller is linear hence it has validity in small interval around operating point as the operating point changes its validity decreases. Figure 7 shows a controller designed based on the model of the helicopter in 90 degree but applied in full operating range. As shown in this figure, as the set point changes, this controller has a desired performance for models which are close to 90 degree on the time interval between 10 to 20 seconds and more or less on the time intervals It should be noticed that the laboratory helicopter behavior is different in rising and falling steps. Hence we select the controller based on the following rules. These rules have been obtained based on various tests on the helicopter. Assume that 1 θ is initial set point angle and If the set point changes from 2 1 θ θ → , then: +   20  2  1  1  2   10  2  1  1  2   2  1  1  2   1  2   2  1   2  1   2 
The performance of multiple model controller methods designed in the previous section is tested on nonlinear dynamic model (1) . The result of simulation is presented in figure 8 . This figure shows that design criteria are satisfied using the switching rule (2).
Figure8: Simulation result of multiple model controller
In order to compare the performance of multiple model approach with a single controller, the output of model is presented in figure 9 when the controller designed for 100 degree is applied to the same set point as the one in figure 8 . Also, the output of model is presented in figure 10 , when a single PID controller is employed in the closed loop control system. This controller is tuned to have an acceptable performance for all operating points. By comparing figure 8 with figures 9 & 10, the superiority of the multiple model controllers is observed. As shown in figure 9 , the pole placement controller designed for 100 degree is difficult to prevent the oscillation. On the other hand, as shown in figure 10 , in angles more than 100 degree the PID controller has big and variable overshoot in different angles. But the multiple model controllers have a small amount of overshoot only in transient from 120 to 80 degree in the time interval [50, 60] . Moreover, in this case the step response is similar in both stepping up and stepping down variation of set point. In this section, the designed controller is implemented on the laboratory helicopter. Changing the elevation angle caused to variation the helicopter's dynamical behavior. In order to change dynamic behavior of the helicopter the set point has been changed. The new controller is selected according to rules (2) as the set point changes. One of the main problems in multiple model controllers is to identify the best model for the new situation. Hence, the best model is selected at each instant of time by comparing the behaviors of the models with that of the actual process. The controller of best model, describes the ongoing process, is selected to control the plant. The process of identification of the best model is time consuming specially when there are many models available. It degrades the performance of controller when the plant behavior changes rapidly [9] . In the laboratory helicopter, the new situation can be identified in two ways:
• using the set point • using the plant output Figure 11 shows the helicopter output when its output used to identify the best model. In this case, the output behavior is oscillatory. Since the plant output has noise and disturbance is high in the helicopter, thus the output remarkably changes at each instant of time. Therefore, if it uses to identify the best model, the selected model changes at most of the time and hence the controller switches to new controllers rapidly. Variation of controller in short period of time made the control signal to oscillate something that causes the helicopter output to oscillate. On the other hand, using criteria like integral of error to identify Figure 12 : the result of using the set point for distinguish the new model the best model to limit the number of switches cause some delay that itself ends to oscillation of output. So, we use the set point to recognize the new situation. Figure 12 shows the output behavior when using the set point to select the best controller. By comparing figures 11 and 12 it has been shown that using the set point has a better control performance [10] .
In the following, the performance of multiple model controllers is compared to other methods when they are implemented to the helicopter. In figure 13 , 14 the result of implementation of the PID controller and a single controller designed by pole placement method has been shown. By comparing these figures to figure 15, the superiority of the multiple model controller method to satisfying the controller designing criteria is observed. A nonlinear controller was designed for this helicopter using feedback linearization technique in [11] . Figure 16 illustrates the plant output using this method which outlined as above. By comparing figure 16 and figure 15 improvement of the system output performance with multiple model controllers is showed The output overshoot is about 0% in figure 15 and the settling time is smaller than that of figure 16 where the settling time is more than 4 seconds and the overshoot is noticeable.
VII. CONCLUSIONS
In this paper multiple models are computed by obtaining nonlinear dynamic equations of laboratory helicopter and linearization of the elevation channel equations. Then the multiple controllers are designed for each model by pole placement technique using state feedback controller. The multiple model-controllers are simulated using helicopter nonlinear model then the controller is implemented on the helicopter. The superiority of this technique for rapidly changing systems is investigated by comparison of the multiple model controller approach with other linear or nonlinear methods.
